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Recently, carbon hyperhoneycomb (H-n) lattices have
been proposed to be, through a one-p orbital tight-
binding (TB) model with nearest-neighbor (n.n.) hop-
ping, a family of strong 3D topological insulators [1]. In
this Comment we show, through Density Functional The-
ory (DFT) and Extended Hu¨ckel Theory (EHT) calcula-
tions [2] for the H-0 lattice, that the TB Hamiltonian in
Ref. [1] is inadequate, invalidating the presented conclu-
sions.
FIG. 1. DFT band structure for the H-0 lattice.
Fig. 1 shows the DFT band structure for the H-0
lattice. The strong discrepancy between DFT and TB
band structures led us to carefully re-examine the TB
Hamiltonian of Ref. [1]. Using Fig. 1 (a) of Ref. [1] to
denote the four atoms in the unit cell, we rewrite the TB
Hamiltonian with different tαβ between atoms α and β,
obtaining:
Hαβ =


0 t12Θx 0 t14Θz
t12Θ
∗
x 0 t23Θ
∗
z 0
0 t23Θz 0 t34Θy
t14Θ
∗
z 0 t34Θ
∗
y 0

 , (1)
where Θz = exp (ikza/2) and Θi = 2Θz cos
√
3kia/2,
i = x, y. For tαβ = t ∀ α, β, Eq. 1 reduces to the Hamil-
tonian of Ref. [1].
In theH-0 lattice, atom pairs 1-2 and 3-4 lie on perpen-
dicular planes. For these pairs, p orbitals will be iden-
tical and parallel yielding t12 = t34 = tpi. p orbitals
on pairs 1-4 and 2-3, however, will be orthogonal, hence
t23 = t14 = 0. Now the Hamiltonian (1) reads
Hαβ = tpi


0 Θx 0 0
Θ∗x 0 0 0
0 0 0 Θy
0 0 Θ∗y 0

 . (2)
Since t14 and t23 can only be non-zero if the orbitals
have spherical symmetry, the Hamiltonian in Ref. [1]
is effectively built from s, and not p, orbitals. This is
confirmed by the comparison of the lowest-lying 1st n.n.
Hu¨ckel bands, which have a strong s-character, and TB
bands of Ref. [1], shown in Figure 2.
FIG. 2. (Color online) Comparison between lowest-lying
Hu¨ckel bands (red, dashed lines) and TB bands (solid black
lines) of Ref. [1].
From Eq. (2) the zero-energy eigenvalues are now
planes kx(y) = ± 2pia√3 ∀ ky(x), kz, ruling out the existence
of lines of Dirac loops, and removing the H-n lattices
from the class of strong 3D topological insulators, at least
within the TB approximation used in Ref. [1].
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